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the pieces fit together? A few years ago Richard Herbert ball final. Amazement and joy turned to disappointment
when the viewers realized that a “cure” for spinal cordin the Introduction to his book The Biosynthesis of Sec-
injury had not truly been found but rather advances inondary Metabolites likened the intricate web of bio-
computer rendering had now made Superman walk, inchemical reactions that make up primary metabolism
addition to his previous ability to fly. This commercial,to a model railroad layout with the compounds being
played during one of the most expensive and moststations on the main lines. Secondary metabolism com-
watched time slots in the year, exemplified how Mr.pounds are the termini of the railroad’s branch lines that
Reeve, almost single-handedly, has raised the aware-originate at these stations. Perhaps one of the reasons
ness of the general public to spinal cord injury. Undoubt-why the Arabidopsis genome contains more genes than
edly his work has had a tremendous benefit, encourag-those of C. elegans or Drosophila is the need for the
ing researchers to enter the field and promoting moreadditional enzymes required for synthesis of secondary
research money. However, this awareness also trans-metabolites. I would also have appreciated more plant
lates into a certain degree of “hype” and unrealisticnames in the Index so that I could learn about particular
expectations. In the public eye the stakes are high—aspects of their individual biologies. There are many
getting not only Superman to walk but also all the otherplants named throughout the text, but few are refer-
victims, paralyzed usually in the prime of their lives.enced in the Index.
Scientists are now expected to deliver, which is a heavyWhen I was a college student, plant molecular biology
burden. Consequently, every small advance is given lotsdid not exist as a science, and plant biochemistry was
of press and hype. As a result, individual scientiststaught as blandly as Botany (now generally renamed
sometimes appear to be blinkered by all the attention,Plant Biology) in many Introductory Biology courses.
each hoping that their approach will be the one leadingBut now all this has changed and plant biochemistry
to functional recovery. Unfortunately, the answer isn’tand molecular biology have moved into the center in
going to be quite so straightforward. With the tremen-the thinking and teaching of many biologists. This
dous advances in recent years in our understanding ofchange has come about partly by the foresight of officers
both the cellular and molecular events subsequent toof NSF and USDA who lobbied for increased funding for
spinal cord injury and the vast accumulation of informa-these research areas. They recognized that the primitive
tion on the molecular biology of neurodevelopment, itstate of plant biochemical knowledge would hinder the
is now very apparent that no one molecule/approach ismolecular approaches to modification of plant genomes
going to solve the problem. Instead, a multifaceted at-that were coming in the near future. The shift into plant
tack will be necessary, with different types of interven-research of scientists who had been trained in microbial
tion required at different times subsequent to the injury.and Drosophila molecular genetics has also contributed
It is now realized that adult CNS axons do not regenerateto this change. The whole fields of plant biochemistry
for a number of reasons: a lack of trophic support thatand molecular biology became energized, and increas-
affects both survival and axonal growth; a develop-ing numbers of students flowed into the research labs.
mental loss of intrinsic growth capacity; formation of aThis book is a testimony to the magnitude of the change
glial scar that poses both a physical and inhibitory bar-that has occurred in these fields in one lifetime. Whether
rier to regrowth; inhibitors of regeneration present inyou use it as a text or as a reference book, Biochemistry
myelin, most notably the recently cloned molecule,and Molecular Biology of Plants has set the standard
Nogo, and a long-known myelin-specific protein, MAG.for years to come.
To date, approaches to encourage regeneration have
largely focused on addressing individually these impedi-
Ian Sussex ments to growth. Implanting cells secreting various tro-
Department of Molecular, Cellular phic molecules has been used to pursue delivery of
and Developmental Biology neurotrophins. Regeneration has been encouraged by
Yale University providing a favorable environment for regeneration at
New Haven, Connecticut 06520 the injury site using peripheral nerve, Schwann cells, or
olfactory ensheathing cells, all of which are permissive
for growth. Inhibitors of regeneration in myelin have
been blocked using antibodies or by changing the sig-
Axonal Regeneration: naling cascade within the neuron/axon such that it
doesn’t respond to these inhibitors. To obtain a handleHow Close to the Target
on the molecular reason for the developmental loss inafter 50 Years? intrinsic growth capacity of CNS neurons, gene expres-
sion in those systems that do regenerate, mostly PNS
neurons, has been examined. Finally, recently implanta-
Axonal Regeneration in the Central tion of embryonic stem cells has resulted in limited func-
Nervous System tional recovery in animals, but it is unclear if this is a
Edited by N.A. Ingoglia and M. Murray consequence of remyelination of intact but demyelin-
New York: Marcel Dekker (2001). 711 pp. $225.00 ated axons, differentiation of the stem cells into neurons,
which then make short-distance connections, or the
added cells encouraging regeneration of damaged ax-
The vision of Christopher Reeve rising from his wheel- ons. Although many of these approaches have led to
chair and walking down a catwalk stunned the intermis- improved regeneration and in some cases limited func-
tional recovery, none have resulted in long-distance ax-sion viewers of the 2000 Super Bowl, the American foot-
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onal growth. Therefore, the point has not yet been during development both the environment and the intrin-
sic growth capacity of the neuron changes; a point thatreached where axons need to be directed a long dis-
tance back to their correct destination. Indeed, little is is often confusing enough to mislead the reader. The
chapter by Fernandes and Tezlaff on Gene Expressionknown about the expression in the adult CNS of axonal
guidance cues and their receptors that function during in Axotomized Neurons (chapter 8) is outstanding. It not
only offers an excellent review of the topic, bringingdevelopment. One other important issue in potential
therapies for spinal cord injury is to limit inflammation many studies into a coherent perspective, but also has
the courage to be speculative. In addition, it has anand hence secondary axonal damage immediately after
injury. In this way remaining function associated with extensive reference list, which is useful to have even
without the remainder of the book. The subsection onundamaged axons can be preserved. This is likely to
have the greatest immediate impact on treatment of “Factors that Influence Axonal Outgrowth” (chapters 15–
18) covers inhibitors of regeneration that are present inspinal cord injury.
The book Axonal Regeneration in the Central Nervous oligodendrocytes and myelin and is perhaps the field
that has exploded most impressively in recent months.System is comprehensive, covering all the issues asso-
ciated with the damaged spinal cord/CNS. Where it falls Already these sections are dated in that they do not
describe the family of Nogo molecules (of which Nogodown, as do many books with chapters by different
authors who are experts on specific topics, is the incon- A is a potent inhibitor of regeneration expressed by
oligodendrocytes) in detail nor the recently cloned Nogosistency in the depth from chapter to chapter. Some
chapters are extremely thoughtful, thorough reviews receptor (Fournier et al., Nature 409, 341–346, 2001). The
penultimate section of the book deals with strategies toand will stand as landmark reference points for years
to come. Other chapters read more like a primary paper protect neurons from death and to encourage them to
grow after injury. The chapters in this section coverthan a review of the subject, with most of the illustrations
taken from the authors’ own papers. Most of the chap- strategies for gene therapy and cell and peripheral nerve
transplantation, and give an adequate discussion of theters, however, fall between these two extremes. Never-
theless, the chapters do make a book that should be problems and limitations of each approach. An interest-
ing and excellent chapter by Reier et al. (chapter 23)on the shelf of every neuroscientist and clinician with
an interest in spinal cord/CNS regeneration. succinctly summarizes the technical aspects of spinal
cord lesion. It then goes on to describe in detail theThe book begins with a wonderful Foreword by Ber-
nice Grafstein, summarizing the advances and turning translation to the clinic of fetal cell transplant into hu-
mans. By describing in detail a small clinical trial topoints of the last fifty years that have resulted in our
current understanding and approach to regeneration. assess the safety of human fetal cell transplant, this
chapter outlines what is needed, as well as what nowAs a starting point, she uses a book that was published
in 1955 (Regeneration in the Central Nervous System, limits, the transfer of procedures developed first in tissue
culture and animal models to humans. It is a detailedW.F. Windle, ed., Springfield: Thomas CC) with contribu-
tions from such illustrious scientists as Windle, Weiss, and somewhat personal account of the clinical trial but
fits well with the rest of the book and is beneficial inSperry, Levi-Montalcini, and Hamburger. These and
other contributors laid the groundwork for the experi- bringing a variety of strategies into perspective.
The last section of the book is titled “Perspective”ments and the avenues of research pursued today. In
many instances the hypotheses put forward in the Win- and consists of a single chapter addressing therapies
for various neurodegenerative diseases. It discusses thedle book appear to have been visionary. Then, as now,
questions were asked regarding why regeneration oc- effectiveness of various interventions, mostly with neu-
rotrophins. Although axonal regeneration most certainlycurs in some amphibian and fish CNS throughout their
life, why some neurons in the young mammalian CNS will be required for full restoration of function in most
of these diseases, because diseases were not discussedcan regenerate but the same axon when older cannot,
why can the adult mammalian PNS regenerate, while the earlier, this chapter seems a bit out of place. I would
have liked to have had a concluding chapter that com-CNS cannot? Then, as now, it was hoped that answering
these questions would lead to strategies that would plemented the excellent Foreword. By the end, the
reader would welcome a summary that focused moreenable clinicians to encourage mammalian, adult, CNS
axons to regrow. The book is laid out in sections that specifically on axonal regeneration, that identified the
major problems we still encounter despite the tremen-address each of these still-unanswered questions. As
would be expected the emphasis now is on the knowl- dous advances in recent years. Finally, a summary that
speculated on why success has not been achieved andedge accumulated fairly recently, especially on the mo-
lecular and cellular events of regeneration. The first four that discussed the controversies in the field would have
added the “sparkle” to the book.chapters on regeneration in fish, amphibians, and rep-
tiles are informative and serve as a good reference for In summary this is a highly welcome book and easily
the most comprehensive and focused of those pro-those not working with these species. Unfortunately
they suffer from a limited extrapolation to mammals. duced in recent years. A much smaller book edited by
R.G. Kalb and S.M. Strittmatter (Neurobiology of SpinalAlthough it would have been highly speculative, con-
cluding remarks from these authors on what they see Cord Injury, Totowa, NJ: Humana Press, 2000) touches
on some of the issues covered in this book but is notas the molecular/cellular differences between these
spontaneously regenerating systems and mammalian as broad. A very good book edited by M.H. Tuszynski
and J. Kordower (CNS Regeneration: Basic Science andsystems would have enriched this section considerably.
The chapters by Steeves (chapter 5) and Fawcett Clinical Advances, San Diego, CA: Academic Press,
1999) is more general but does not focus on axonal(chapter 6) are very good in conveying the idea that
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regeneration, instead covering most neurodegenerative they are derived from the differentiation of a series of
short-lived precursors and the subsequent activationdiseases. The book Axonal Regeneration in the Central
of short-lived lymphocytes during immune responses.Nervous System is the book to have for those interested
Thus, stem cells of one kind eventually give rise to ain spinal cord injury and axonal regeneration in general.
different class of specialized stem cells, and we needEventually, perhaps 50 years from now, this book may
to know how this nifty trick is accomplished. Knowledgebecome the framework for a Foreword of a new book,
of the mechanisms that control lymphocyte survival anddocumenting the important steps and the thinking that
expansion may have implications for understandingled to Superman really walking.
many types of stem cells.
Transcription factors are key in controlling all aspectsMarie T. Filbin
of lymphopoiesis and all of them will soon be known.Biology Department
One might assume that the gene targeting approachesHunter College
so extensively discussed in Pillai’s book will easily revealThe City University of New York
the hierarchy through which individual transcription fac-695 Park Avenue
tors control the expression, silencing, and actions ofNew York, New York 10021
other transcription factors involved in immune system
development. However, we are far from understanding
the precise sequence of differentiation events in those
terms and how intracellular gene expression profiles areA Developing Story
dictated by extracellular cues.
In principle one can explore such issues by determin-
ing what genes are expressed in the lymphocytes thatLymphocyte Development: Cell Selection Events
remain in immunodeficient knockout animals. However,and Signals during Immune Ontogeny
blood cell production involves enormous expansion soBy Shiv Pillai
that the closer one gets to stem cells, the fewer thereBoston: Birkhauser (2000). 528 pp. $125.00
are to study. For that reason, it is often difficult to know
if a given gene is silent in a knockout cell or alternatively,
if the cell that normally expresses it is missing. High-It has been said that students can be classified into
speed cell sorting and other technical improvementsone of two major categories. The first is particularly
are now making it possible to resolve and isolate ex-interested in the known and attracted to fields that are
tremely rare populations of lympho-hematopoietic cellsrelatively well understood. A second category enjoys
before study in culture. Because of these advances,the challenge of the unknown, choosing areas that are
many other issues are now accessible to experimenta-ripe for investigation. Lymphocyte development contin-
tion. For example, we will soon know more preciselyues to appeal to the latter. Although extraordinary prog-
when the various blood cell lineages diverge. Thisress has been made in dissecting components of the
should provide insight into a question that has been
immune system and the molecules required for its devel-
argued for 40 years about the binary decisions that divid-
opment, some of the most important issues remain in-
ing cells must make. A given cell can renew itself or give
tractable because of the complexity of whole animal
rise to daughters with different fates, and the issue is
systems. Indeed, the field itself is difficult to classify, the degree to which the choice is governed by intrinsic
combining clinical immunology with basic research in versus extrinsic cues. Both probably contribute, but we
hematology, immunology, and developmental biology. have much to learn about the selective pressures that
Shiv Pillai’s new book represents a heroic attempt to ensure that correct numbers of all the types of lympho-
ensnare Lymphocyte Development. It is fortunate for cytes are produced.
the experimentalist that the book is replete with words There is a growing appreciation of differences in how
like “may,” “might,” and “could.” lymphocytes develop during fetal and adult life. The
The scope of this book is ambitious, ranging beyond earliest wave of precursors that emerge in the yolk sac
lymphocyte development to recognition, activation, and and aorta-gonad-mesonephros (AGM) regions of em-
death. Pillai catalogs the many players in signal trans- bryos does not include long-term repopulating stem
duction biochemistry, reviewing how this increasingly cells. Stem cells and committed progenitors that emerge
complex set of proteins cooperate to elicit immune sys- later are different in many ways from those in adult
tem development and function. Although there are re- marrow. For example, none of the lymphocyte precur-
curring themes and helpful diagrams, this will be daunt- sors in fetal liver have been shown to fall into the “com-
ing for newcomers. In addition, technical innovations mon lymphoid progenitor” category described in bone
and clever experimental designs responsible for this marrow. As clearly noted in this book, some gene tar-
massive amount of information could have been given geting experiments have differential influences on em-
more emphasis. bryonic and adult lymphopoiesis. It will be interesting
There is intense current interest in learning what en- to know if and how adult stem cells can be repro-
dows stem cells of various kinds with extensive self- grammed to have fetal characteristics and vice versa.
renewal potential. Pillai discusses multipotential hema- Pillai could have given more stress to differences be-
topoietic stem cells, and calls to mind an important fact tween humans and experimental animals. For example,
about mature memory lymphocytes. These cells acquire interleukin 7 plays essential roles in the production of
stem cell properties, persist for many years, and expand murine B lineage lymphocytes, supporting the survival,
proliferation, and differentiation of lymphocyte precur-tremendously when restimulated by antigens. However,
